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plasma . 58 The details of this GC-MS method are described elsewhere in 
this volume [40, 41]. 


Concluding Remarks 



The choice of which method for aldehyde analysis should be used 
depends on the particular interest of the investigator. Is an overall picture 
of the complete spectrum of aldehydes required, or is there an interest in a 
specific compound such as MDA or HNE? If only MDA is to be deter¬ 
mined, the classic TBA test remains a useful method, providing it has 
been validated by an HPLC measurement for the particular system under 
study. If only HNE is to be determined, the method of choice is direct 
HPLC or GC—MS, The latter method is more sensitive, but the resources 
required are more expensive. 

If the whole spectrum of aldehydes must be measured, then the DNPII 
method described is probably more reliable than the current cydohcxune- 
dione method, which separates all aldehydes in one run. As the number of 
aldehydes present in peroxidized biological samples may exceed 30 and 
their relative proportions vary greatly, complex chromatograms arc pro¬ 
duced and definite peak identification is difficult. The DNPH method is 
less sensitive but gives more confidence in peak identification. 
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[431 Malondialdehyde Determination as Index of 
Lipid Peroxidation 

By H. H. Draper and M. Hadley 


Introduction 

The determination of malondialdehyde (MDA] has attracted wide¬ 
spread interest because it appears to offer a facile means of assessing lipid 
peroxidation in biological materials. However, the validity of MDA as an 
index oflipid peroxidation has been clouded by controversy regarding its 
formation as an artifact of analysis and as a product of enzyme reactions, 

Copyright $3 I WO by Adamic Pte-M. Inc. 
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ils occurrence in various bound forms, and the specificity of methods 
used for its measurement. Some investigators, on the basis of evidence 
that MDA faiis to reflect extensive peroxidation in certain biological ma¬ 
terials, have questioned its validity as an index of peroxidation in till such 
materials. Other investigators have found that MDA is a reliable indicator 
of peroxidation in many samples, and that difficulties in its determination 
can be resolved by appropriate modifications in methodology. 

Malondialdehyde occurs in biological materials in the free slate and in 
various covalently bound forms. In the only materials so far extensively 
examined (food and urine), it has been found predominantly in bound 
forms. Most of the MDA in foods of animal origin (-^-80%) appears to be 
bound in Schiff base linkages to the e-amino groups of the lysine residues 
of food proleins, from which it is released during digestion as Af- e - pr o- 
penallysine, 1 a portion of the remaining MDA is present in the form of 
other minor derivatives. (V-e*Propcnallysine and its N-«-acety)atcd de¬ 
rivative are the main forms in which endogenous MDA is excreted in rat 
iuld human urine. 2 * 3 Urine also contains small amounts of MDA adducts 
with guanine, the phospholipid bases serine and ethanol amine, and 
other unidentified reactants. Free MDA is !i minor and variable excretory 
product. 

It is apparent from the occurrence of these derivatives in urine that 
MDA forms adducts with proteins, nucleic acids, and other substances in 
viva, and this compromises the assessment of lipfd peroxidation in the 
tissues based on the determination of free MDA. For example, although 
no free MDA is detectable in human plasma, 4 it is found using procedures 
that involve hydrolysis of bound forms. 3 Free MDA reacts extensively 
with the serum albumin present in cell culture media,* and may do the 
same in plasma. It may also react with proteins in vitro, particularly over 
long incubation periods. 

MDA can be released from its bound forms by hot acid or alkali 
digestion, hut the conditions required for hydrolysis can lead to other 
complications. The pH required for maximum yield of MDA Varies among 
biological materials depending on the nature of the derivatives present. 
MDA may be generated during hydrolysis by oxidation of polyunsatu- 


’ t.. A. PichiS. P. D. Cole. M. Hadley, R. van (ten Bergh, and H. H, Draper, Carclrtaiitnesix 
9 , 473 ( 1988 ). 

1 L. O. McGiir, M. Hadley, and H. H. Drupcr, J, Blot. C/ifui, 26U, 15427 (1985), 

3 H. H. Draper, M. Hadley, t.„ Lbscmore, N, M, Cuing, and P, D, Cole, Lipids 23, 620 
(1988). 

‘C. Liirgllliirc and s, B. Mdlmtcon, Anal, Btachan, 170, 123 (1988). 

3 M, A. Wars*) and W. E. M, Lunds, Clin, Physiol, Blochcm, 2, 70 (1984), 

‘ R. T, Bird and H. H. Draper, Lipids 17, 519 (1982). 
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rated fatty acids (PUFA) in the sample and by degradation of preexisting 
oxidation products. Pigments present in the sample, or generated during 
hydrolysis, also can interfere in the colorimetric assessment of MDA. 
These problems, and possibilities for their resolution, arc discussed in the 
following sections, 

Absorptiomenic Methods 

Although absorptiometry is the method which has been most fre¬ 
quently used to quantify MDA, many different procedures have been 
used for its extraction from the sample and for its purification, depending 
on the nature of the material being analyzed and whether free or total 
MDA is estimated. 

Free MDA . Below its p/t* of 4.65, MDA exists primarily irk a cyclic 
form with a tl V m ,„ at 245 nm (£ mu | 1.37 X It)‘ , l. 7 Raising the pH above 4.65 
results in increasing proportions of the enolale ion, which has a UV I1U1 „ at 
267 nm (# mu | 3.42 X 10 4 ). t! At neutral pH the enolaio anion is the predomi¬ 
nant form. 

Esterbatier and Slater 7 determined free MDA in incubates of peroxi- 
dizing hepatic microsomes by measuring its U V absorbance after isolation 
using high-performance liquid chromatography (HPI.C). Aliquots of ho¬ 
mogenate were applied to a column designed for carbohydrate analysis, 
and MDA was measured in the duates at 270 nm using an absorbance 
detector. The method gave values similar to those obtained by an unspeci¬ 
fied 2-thiobarbituric acid (TBA) procedure, indicating that the MDA 
formed was still in the free state at the end of the 30-min incubation period 
and that there was no interference by other aldehydes in the TBA method 
for MDA determination. 

This procedure is short (reported time of analysis <10 min), sensitive 
(5 ng on the chromatogram), and apparently specific tor MDA. It should 
be useful in monitoring lipid peroxidation in vitro over short time periods, 
and in studying such phenomena as radiation-induced hydroxyl radical 
degradation of sugars, 9 but it is not suitable for the analysis of complex 
biological materials, such as food and urine, ill which most of the MDA 
exists in the form of derivatives. For the same reason, it probably has 
limited application to animal and human tissues. 

Largillifire and M61ancon J applied a modification of the procedure to 
the determination of MDA in deproteinized human blood plasma. They 

i H. Esterbauer and T. F. Slater, IRCS Med. Set. 9, 749 (1981). 

» L. J. Mameu, M. J, Bienkowskl, M, Raban, and M. A. Tuule, Ami. Dttxtwm, 99, 45s 
(1979). 

* K. II. Cheese man, A. Bcavis, unit H. Eslerbnvier, Bioehem . J. 252, M!> (198S). 
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failed to detect any free MDA and concluded that “the classical thiobarbi- 
luric acid test" is not suitable for determination of MDA in plasma. How¬ 
ever, if (as the authors speculate] MDA in plasma is present in complexes 
with proteins and amino acids, from which it is released by acid hydroly¬ 
sis under the conditions of the TBA reaction, the converse conclusion 
may be drawn (i,e,, that procedures for the determination of free MDA 
are not suitable for the analysis of plasma). 

Lee and Csallany estimated free MDA in an ultrafiltrate of rat liver 
homogenate from its absorbance at 267 nm after purification by HPLC on 
a size-exclusion column. 10 The levels found in the liver of vitamin 
E-deficient animals were about 15 times those found in Control livers. 
Bound MDA was estimated by subtracting values for Free MDA from 
those obtained after hydrolysis at pH 13 for 30 min at 60 a . The concentra¬ 
tion of bound MDA was increased only 2-foid in deficient liver, and its 
concentration in normal liver exceeded that of free MDA. Although the 
results suggest that free MDA accumulates in (he liver in vitamin E defi¬ 
ciency, it is possible that more free MDA was formed in the deficient 
tissue during the analytical procedure, which did not include the use of a 
synthetic antioxidant. Analysis forTBA-rcactive substances, carried out 
on a butanol extract of the reaction mixture using a conventional speciro- 
phoLometric procedure, 11 yielded values that were 1.4—1.8 times higher 
than those for total MDA. 

Bull and Marnett 1 * used myrisiylirimeihylammomum bromide to pre¬ 
vent polymerization of MDA during HPLC. Chromatography on a re¬ 
verse-phase column using a mixture of acetonitrile and this ion-pairing 
reagent enabled MDA to be selectively eluted us the corrugate base and 
quantified from its absorbance at 267 nm. The procedure Was used suc¬ 
cessfully to estimate free MDA production in peroxidizing liver micro- 
somes and to demonstrate that MDA in Urine is present in the form of 
metabolites. Values similar to those obtained using the colorimetric TBA 
procedure 11 were observed at high concentrations of MDA in the micro- 
somes, but lower values were found at low concentrations, indicating that 
the TBA method was nonspecific for MDA (or that MDA was released 
from bound forms during the TBA procedure). 

MDA Derivatives. MDA reacts with a Variety of compounds to form 
derivatives which can be estimated from their absorption in the visible 
region. These include aniline, 4-hexyl resorcinol, jV-methylpyrrnie, in¬ 
dole, 4-aminoacetophenone, ethyl p-uminobenzoate, 4,4-sulfonyldiani- 

'• H. Lee and A. S. Csallany, Lipids 22, ltM (1987). 

" R. 0. Sinnhuber, 1. C. Yu. ami T. C. Yu, Food Ret, 23, 620 (19.18). 

11 A. W. Dull and L, J, Mamell, Artel. Blaehem. 149, 284 (1983). 


[431 


MAI 


line, />-nitroaniline, an 
of these compounds to 
fere in the estimation c 
separated from the M. 

The most widely c 
biological materials h 
complex with an abso 
Heating the sample at 
tion and for release of 
vSintihuber el al. i] (oft 
dure") involves heath 
with TBA and measu 
trophotometer- 

This simple proce 
parent MDA cunten 
inflated by pigments 
complex. On the oth 
result of adsorption 
Other aldehydes, if 
complex. Also, MD* 
of PUFA and by de< 
Oxidation of PU1 
adding butylatod h; 
(BHT) to the react i 
should be an ittlegr; 
inhibit or increase 
EDTA may promo t 
lipid peroxidatibrt, f 
rioxamine may inhil 
Fe 2+15 However, ii 
(s25 fiM) added to 
by 21% and desferri 
and A. J. Ninaes. t 
Formation of M 
the procedure is a 
depends on the nat 
whether assessmei 
objective). In som 


11 E. Sawicki, T. W. Si 
" J. Pikul, D, E. Leszc; 
•’ B. llalll well and J. ti 


20'J £00' nW Zl-Pl 


10,61 NBf 


£!?I6-2t79~0I£: (31 


SBAIHDyy yTIBm 

PM3001194823 


Source: https://www.industrydocuments.ucsf.edu/docs/zfwk0001 































M aUJN D1ALDEH y DE DETERM IN AT ION 


425 


I 

i l DAMAGE [43 ] 

it “the classical thiobarbi- 
of MDa in plasma. How- 
vmais present in complexes 
ip released by acid hydroly- 
ii, the converse conclusion 
Jeiermination of free MDA 

t 

in ultrafiltrate of rat liver 
# purification by HPTC on 
d in the liver of vitamin 
se found in control livers, 
values for free MDA from 
min at 60°. The concertlrg- 
i in deficient liver, and its 
r free MDA- Although the 
the liver in vitamin E defi¬ 
es formed in the deficient 
id not include the use of a 
va substances, carried out 
^conventional Speclro- 
vere 1,4—1.8 times higher 

i 

nmanium bromide to pre- 
'hromatagraphy an a re- 
itrile and this ion-pairing 
is the conjugate base and 
procedure was used sue- 
peroxidrzing liver micro¬ 
's present in the form of 
tag the colorimetric TBA 
ls °f MDA in the micro- 
ntrations, indicating that 
that MDA was released 
4 

f of compounds to form 
^sorption in the visible 

A '-me thy [pyrrole, i n - 
»ate, 4,4-suIfonyldiani- 

i 

j 

M (195(1), 






t43] ■ 


line, p-nitroaniline, and azulene. 13 Other aldehydes also react with most 
of these compounds to form yellow or orange complexes which can inter¬ 
fere in the estimation of MDA if they are present jn the sample and are not 
separated from the MDA complex. 

The most widely employed method for the determination of MDA in 
biological materials is based on its reaction with TBA to form a pink 
complex with an absorption maximum at 532-535 nra (£|„ 0 | 14.9 X iO^). 7 
Heating the sample at a pH of 3 or below is necessary for complex forma¬ 
tion and for release of MDA from bound forms. The classic procedure of 
Sinnhuber ei at.* 1 (often referred to in the liieraiure as “the TBA proce¬ 
dure”) involves heating a trichloroacetic acid (TCA) extract of the sample 
with TBA and measuring the absorbance of the crude mixture in a spec¬ 
trophotometer. 

This simple procedure is subject to several sources of error. The ap¬ 
parent MDA content of many materials of plant and animal origin is 
inflated by pigments which absorb in the same region as the TBA-MDA 
complex. On the other hand, MDA content may be underestimated as a 
result of adsorption of the TBA complex onto the protein precipitate. 

Other aldehydes, if present, can react with TBA to produce a colored 
complex. Also, MDA may be formed during the procedure by oxidation 
of PUFA and by decomposition of oxidized lipids in the sample. 

Oxidation of PUFA can be extensively reduced, if not eliminated, by 
adding butylated hydroxyanlsolc (OHA) or butyl,' nod hydroxytoluene 
(BHT) to the reaction mixture before processing, 14 and this precaution 
should be an integral part of the TBA procedure. Chelators may either 
inhibit or increase metal catalysis of lipid peroxidation. For example, 
EDTA may promote the formation of hydroxyl radicals, which catalyze 
lipid peroxidation, by maintaining Fe 3 * in a soluble form, whereas dester- 
rioxamine may inhibit their formation by blocking the reduction of Fe 3f to 
Fe 2+ . 15 However, in a study un the MDA content of fish meal, EDTA 
(325 nM) added to the TBA reaction mixture reduced the value obtained 
by 22%anddesfcrrioxaminc(100/u.iW)by 48% (M. 11. Diaper, M. Hadley, 
and A, J. Ninacs, unpublished). 

Formation of MDA by decomposition of preformed Iipoxides during 
the procedure is a more intractable problem, the significance of which 
depends on the nature of the sample and the purpose of the analysis (i.e., 
whether assessment of lipid peroxidation or of MDA specifically is the 
objective). In some materials, such ns urine, the quantity of oxidizable 


•> E, Sawicki, T, W, Stanley, and H. Johnson, Anal. Chem, 3S, IV9 (1963), 

” J, Pikul, 0, K. I.cszoxynaki, and F. A. Kummerow, J. Agrlt:. Fond Chen i, 31, 1338 (1983). 
u B, Halliwell oriel J. M. C, OuUerMge, Arch, Plochem. Btophys. MS, 501 (1986), 
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lipids present is negligible, whereas in food and tissue samples they may 
contribute significantly to the amount of MDA determined as the TBA 
complex. In thermally oxidized oils there may be little relationship be¬ 
tween the amount of MDA found using the colorimetric procedure 11 and 
that Found using a gas chromatography-mass spectrometry method spe¬ 
cific for MDA, 16 The main precursors of MDA generated in such oils 
under the conditions required forTBA-MDA complex formation arc five- 
membered hydroperoxy epidioxides and 1,3-dihydrOpcroxides. 16 

The contribution of oxidized lipids in food and tissue samples to MDA 
determined as the JBA derivative caiyio.t be tfetcrrpjned, using .current.. 
methodology and undoubtedly is highly variable. When analyzing such 
samples for MDA using a TBA procedure, any interference by pigments 

and other TBA-reactive substances should be removed and lipid peroxi¬ 
dation reported in terms of MDA equivalents. For most such samples, the 
error arising from decomposition of oxidized lipids is likely to be much 
smaller than the error arising from failure to release MDA fraifi its bound 
forms, Further, inclusion of MDA generated by decomposition of oxi¬ 
dized lipids during the TBA procedure may provide a better assessment of 
lipid peroxidation in the sample. 

MDA can be formed from some sugars, including sucrose and 2-dc- 
oxyribosc, by hydroxyl radical-generating procedures such as y-rndioty- 
sis of water and incubation with a high concentration of ferrous tons,’ 
However, these conditions are unlikely to occur in biological materials. It 
has been found, for example, that when 0.25 M sucrose was used to 
prepare mitochondria, the absorbance of the sample blank was not signifi¬ 
cantly different from that of a water blank. 17 

Interference by other TBA reactants and by pigments can be over¬ 
come by isolating the TBA-MDA complex using HPLC prior to deter¬ 
mining its absorbance. 18 in the case of urine, in which such interference 
(as well as the concentration of oxidized lipids) is negligible, the amount 
of TBA-MDA complex found using an HPLC purification procedure 1 ' 7 is 
similar to that found by measuring the absorbance of the crude reaction 
mixture at 532 nm." In the case of tissue and food samples, which nor¬ 
mally contain oxidized lipids, separation of the TBA-MDA complex usu¬ 
ally results irt lower values. 1 * 

The fact that aldchydic compounds other than MDA can react with 
TBA to form a complex that absorbs in the 532-535 uni region has led to 
use of the term thiobarbituric acid-reactive substances (TBA-RS), ex- 

16 F. N. Fraukel anti W. E. Neff, Biochim. Biuplm Acid 7S4, 264 (1983). 
l! C5. M. Siu and H. H. Draper, Lipids 17, 349 < 1982). 

111 R, P. Bint, S. S. O. Hung, M. Hadley, and H, H. Draper, Awl. 128,24Q (1983). 

19 H. H. Draper, L. Poicnsok, M. Hadley, and L. O. McGirr, Lipids 19, 836 (1984). 
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pressed in MDA equivalents, to characterize the products of the TBA 
reaction quantified using the conventional spectrpphotometric method." 
Considering the frequency of references to such derivatives in the litera¬ 
ture, there is a surprising paucity of evidence for their actual existence in 
biological materials. The higher MDA values for tissue samples obtained 
using the colorimetric TBA procedure," as opposed to a procedure for 
free MDA, are often attributed to TBA reactions with other aldehydes, 
but they are more likely to be due to release of bound MDA hy acid 
hydrolysis and/or the presence of pigments in the sample. In any event, 
isolation of the TBA-MDA complex should be a standard part of the TBA 
method for MDA determination unless it has been found to be unneces¬ 
sary in the case of specific samples. 

In the TCA extracts of samples high in protein, such as animal tissues, 
thcTBA-MDA complex may adsorb onto the protein precipitate, imparl¬ 
ing to it a pink color. This can be largely avoided by removing the protein 
precipitate before carrying out the TBA reaction. However, some TBA— 
MDA complex may be bound to peptides soluble in TCA and may be lost 
in procedures used to purify the complex prior to its estimation. For 
example, purification of the crude TBA reaction mixture on a Sep-Pak Cut 
cartridge 18 (caves a reddish residue on the cartridge after elution of the 
free TBA-MDA complex with methanol. Investigation of this so-called 
TBA-RS material has revealed that it is, in fact, TBA-MDA complex 
bound to residual protein in the TCA extract. Removal of this bound 
complex accounts in largo part for the lower MDA values obtained by 
isolating the free TBA-MDA complex" 1 and those obtained by spectro- 
photomqtric measurement of the free and bound complex in tile crude 
reaction mixture. M No evidence of TBA-RS, other than TBA-MDA 
could be found in human blood serum, pig liver, or fish meal (H. H. 
Draper, M. Hadley, and A. J. Ninacs, unpublished). 

MDA can be determined unambiguously as the TBA-MDA complex 
using HPLC, and it is therefore not appropriate to report values obtained 
by this procedure as TBA-RS. It should be recognized, however, that the 
value obtained by this method may reflect some combination of free and 
bound MDA originally present in the sample plus MDA formed from 
oxidized lipids during the procedure. Hence, the method provides a mea¬ 
sure of lipid peroxidation in the sample in terms of MDA equivalents. 
Whether MDA formed by decomposition of oxidized lipids during the 
procedure is an “artifact” is largely si matter of perception. Since all 
MDA in a sample (except that uf enzymatic origin) is a secondary product 
of lipid peroxidation, any distinction hetween MDA formed from oxidized 
lipids prior to analysis and MDA formed from oxidized lipids during anal¬ 
ysis may be fallacious. 
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HPT.C Procedures for Total MDA 

The following procedures have been found satisfactory for the deter¬ 
mination of total MDA in food samples, animal tissues, and urine. 

HPLC Conditions. A 0.39 x 30 cm /rBondapak Cm stainless steel 
analytical column attached to a 3 X 22 mm guard column packed with C )S / 
Corasil (Waters, Milford, MA) is used, The absorbance detector is 
equipped with a 546 nm interference filter attached to a data module for 
integration of peaks and printout of the elution profile. Sensitivity is set at 
0.005 AUFS. The mobile phase is 18% HPLC-grade methanol in distilled 
water degassed by filtering through a OAS-fitn filter under vacuum with 
constant stirring. A flow rate of 2.0 ml/min is controlled by a two-phase 
solvent pump. 

Standard Curve, A standard curve is prepared using TBA-MDA com¬ 
plex which has been checked for purity by HPLC, NMR, and elemental 
analysis. Instrument response is platted against the molar equivalent 
weight of MDA in the complex injected. Instrument sensilivity is I ng of 
TBA-MDA complex. 

Determination of MDA in Foods and Tissue Samples. The sample 
(0.5-1.0 g) is homogenized in 5 ml of 5% aqueous TCA plus 0.5 ml of 
methanolic BHT (0.5 g/liter) and heated in a capped lube for 30 min in a 
boiling water bath to release protein-bound MDA. To avoid adsorption of 
the TBA-MDA complex onto insoluble protein, any solid particulate ma¬ 
terial observed after cooling to room temperature is removed by centrifu¬ 
gation at 1000 g for 10 min. A 1-ml aliquot of the supernatant (in duplicate) 
plus I ml of a saturated solution of TBA reagent are heated in bailing 
water at pH 1.5 for 30 min, After cooling, an acceptable estimate of the 
MDA content of some samples, including urine, can be obtained by mea¬ 
suring the absorbance of the crude mixture at 532 nm using a spectropho¬ 
tometer. Two duplicated blanks arc used: a reagent blank to zero the 
instrument and a sample blank that is subtracted from the reading for the 
sample. 

To separaie TBA-MDA from other possible TBA-RS, the cooled 
sample is loaded onto a Sep-Pak C ls cartridge (Waters) that has been 
prewashed with 15 ml of methanol followed by 15 ml of distilled water. 
The column is developed with 4 ml of distilled water, which is discarded, 
then with 2 ml of methanol, which is collected in n 4-ml vial. The methanol 
is evaporated at 70“ on a sand bath using a stream of air. The residue is 
dissolved in water (usually 1 ml) and an aliquot (Usually 10-20 ^ul) is 
ihiected onto the HPLC column. Two reagent blanks in duplicate are 
used. Sample blanks have been found unnecessary, In the case of samples 
high in protein, this procedure may underestimate MDA content as a 
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result of adsorption of protein-bound TBA-MDA complex onto the resin 
(see above). For such samples, the simple spectrophotometrie proce¬ 
dure 11 may provide a better indication of lipid peroxidation in the sample. 
However, if a purification procedure is not employed, the reaction mix¬ 
ture should he scanned to determine whether there are pigments present 
that adsorb in the 532 nm region. 

Determination of MDA in Urine. One milliliter of rat or human urine is 
heated at pH 3.0 ± 0.1 with 4 ml Of saturated TBA reagent in a boiling 
water bath for 30 min. For most purposes, MDA can be satisfactorily 
estimated from the absorbance of TBA-MDA complex in the cooled 
sample at 532 nm using a spectrophotometer as described above. 

To determine MDA specifically, the cooled sample is subjected to 
purification on a Sep-Pak cartridge in the manner described for food and 
tissue samples. After removing the methanol, the residue 1? dissolved in 
2.0 ml of double-distilled water, and an aliquot (10-200 /il) is injected onto 
the HPLC column. The concentration of MDA in rat urine is typically 
about 5 times that in human urine. A sample blank and a TBA blank are 
carried through the procedure in duplicate, 

Notes Regarding Procedures 

1. The methods described have been found to be specific for MDA 
and to have good reproducibility. The method for food mid tissue 
samples genernlly yields lower values than the colorimetric TBA 

procedure, 11 whereas for urine the values are generally similar. 

2. Sep-Pak cartridges can be reused 3-l0 times by subjecting them to 
the pretreatment procedure between samples. 

3. In the case of samples that contain large amounts of MDA, more 
than 2 ml of methanol may he necessary to elute the TBA-MDA 
complex from the Sep-Pak. Elution of the pink complex can be 
monitored visually. 

4. The TBA-MDA complex should be applied to the HPLC column 
in water. When applied in methanol, the complex often yields two 
peaks, one at the solvent front and one at the V?, found with water. 
The solvent front peak reverts to the proper Ri when it is rein¬ 
jected in water. 

5. The procedure for foods and tissues probably can be applied, with 
minor modifications, to plasma, cell fractions, in vitro incubation 
mixtures, and other tissue samples. 

6. The HPLC column should be rigorously cleaned after 30-40 sam¬ 
ples have been injected. 

7. Some urine samples form a precipitate, to which the TBA-MDA 
complex adsorbs, during the procedure. This can be prevented by 
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heqting the urine in a capped tube for 30 min in a boiling water 
bath at pH 3.0 ± 0.1 in the absence of TEA reagent, then remov¬ 
ing the precipitate by centrifugation and Using ihe supernatant 
Fraction for MDA analysis. 

8. Variations may be observed in the R, of the TBA-MDA complex 
for the same sample. These variations usually can be eliminated 
by buffering the mobile phase. 

9. During HPLC of some samples a “matrix effect’’ is observed, i.e., 
the TBA-MDA complex in the sample has a different R, from thai 
of the TBA-MDA standard. The peak for the sample can be iden¬ 
tified by spiking with the standard, which migrates to the R t of the 
complex in the sample. 

10. In urinalysis for MDA, time can be saved by preparing the TBA 
reagent in 1.3 M phosphate buffer (pH 2.8), thereby avoiding the 
necessity of adjusting the pH of each sample. Otherwise, in the 
analysis of some samples, the pH may rise during the TBA reac¬ 
tion because ammonia is released by hydrolysis of urea, thereby 
inhibiting TBA-MDA complex formation. Complex formation de¬ 
creases markedly when the pH exceeds 3.0, Four milliliters of 
TBA reagent is necessary for maximum complex formation. MDA 
docs not react with the amino groups of urea under the conditions 
of the TBA reaction. 


Gas Chromatographic Methods 

Gas chromatography (GC) procedures have been developed for deter¬ 
mining free MDA in oils and fats utter its conversion to appropriate deriv¬ 
atives. These procedures have been developed mainly to avoid the risk of 
MDA generation under the hot, acidic conditions required for formation 
of the TBA derivative. Free MDA in photoirradiated PLfFA, corn oil, and 
beef fat has been determined by reacting it with mcihylhydrazine to form 
I-methylpyrazole, which was measured using n nitrogen-phosphorus- 
specific detector and a fused silica capillary column. 10 A similar detector 
has been used to determine MDA in working solutions and in urine after 
dcrivitization using 2-hydrazirtubenzothiazole. 21 MDA formed by decom¬ 
position of PUFA methyl esters has been determined by GC after conver¬ 
sion to a stable 1,3-dioxane derivative, 22 and MDA formed by decomposi¬ 
tion of lipoxides has been measured after conversion to a stable 
tetiamethylacetal derivative. 

M K. Llmano, K, J Dennis, and T. Shibaimitu. Lipids 23, 811 (1988). 

!l M, Beljeun-Leymnrie and B, Brumt, Anal. Biochem. 173, 174 (1988). 

” G, I.akshrtiinarayana and D. G, Cornwell, Lipids 21, 173 ((986). 
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So far, these methods have been confined to the determination of free 
MDA in lipids. They have limited applicability to complex biological ma¬ 
terials, in Which MDA is present mainly in bound forms. 


Other Methods 


Fluoromctrie procedures for determining MDA have been reported in 
the older literature, but they have not found frequent use. Various com¬ 
pounds, including 4,4-sulibnyldianiline, ethyl p-aminobenzuatc, p-amino- 
jjL benzoic acid, and 4-aminoacetophenone, form fluorescent complexes 
w with MDA. The TBA-MDA complex fluoresces With an emission maxi¬ 
mum at 553 nm, but biological samples contain natural fluorescent com¬ 
pounds, as well as compounds other than MDA, that form fluorescent 
derivatives. Kikugawa ei nL 21 have described a fluorometric method for 
the determination of free and acid-labile MDA in oxidized lipids as the 
reaction product 1,4-dimethyl-1,4-dihydropyridine-3,5-dicarbaldehydc, 
These investigators found that their method yielded values lower than 
those obtained by the measurement of absorbance at 532 tint using the 
crude TBA reaction mixture, but they concluded that the latter method 
may provjdc a better index of lipid oxidation. 

A polarographic method for determining MDA in 2 M HC1 solution, 
with reported applicability to biological fluids, has been proposed. 24 This 
procedure, which measures free MDA (and possibly MDA present in 
some easily hydrolyzable derivatives), has not hcen extensively eval¬ 
uated. 


45 K. Kikugawa, T. Kmn, and A. Iwutu. Anal. Biuehem. 174, 512 (1988). 
w A. M, Bond, I*. P. Peprez. R. D, Jonzs, G. G, Wallace, and M. H. Briggs, Anal. Chen. 
52, 2211 (1981)). 


< [44] Cyclooxygenase Initiation Assay for Hydroperoxides 

! , By Richard J, Kulmacz, James F, Mii.ler, Jr., 

Robert B. Pendleton, and Wjluam E. M. Lands 

! Evaluation of the pathophysiological role of hydroperoxides requires st 

I .. Sensitive and specific assay for these compounds. The assay described 
here exploits the ability of low concentrations of hydroperoxides to initi- 
! ate the cyclooxygenase reaction catalyzed by prostaglandin endoperoxide 

, synthase. Because cyclooxygenase initiation requires only about 10 * Af 
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